This Page Is Inserted by IFW Operations 
and is not a part of the Official Record 

BEST AVAILABLE IMAGES 

Defective images within this document are accurate representations of 
the original documents submitted by the appHcant. 

Defects in the images may include (but are not limited to): 

• BLACK BORDERS 

• TEXT CUT OFF AT TOP, BOTTOM OR SIDES 

• FADED TEXT 

• ILLEGIBLE TEXT 

• SKEWED/SLANTED IMAGES 

• COLORED PHOTOS 

• BLACK OR VERY BLACK AND WHITE DARK PHOTOS 

• GRAY SCALE DOCUMENTS 



IMAGES ARE BEST AVAILABLE COPY. 



As rescanning documents will not correct images, 
please do not report the images to the 
Image Problem Mailbox. 



THIS PAGE BLANK (USPTO) 



I 



EP 1 081 553 A2 



START 



J 



SHOT EXPOSURE 



(WAFER 

REPLACEMENT) 



PREPARATORY 
EXPOSURE 



EXPOSURE 
COMPLET I ON 

FIG. 7 



1 



21 



FIG. 8 



DRIVING 
UNIT 



>< 



14 



EP 1 081 553 A2 



100 

i 



---101.- 


LIGHT SOURCE 








ILLUMINATION 
SYSTEM 





PL 




108 



FIG. 6 



13 



EP 1 081 553 A2 



100 



-.-101 - 


tijQHTr SOURCE 










1 LLUM 1 NAT 1 ON 
SYSTEM 






108 



FIG. 5 



12 



EP 1 081 553 A2 



START 



PREPARATORY 
EXPOSURE 



SHOT EXPOSURE 



EXPOSURE 
COMPLET I ON 



FIG. 3 





103 





FIG. 4A 



? .103 





FIG. 4C 



I 103 



T 



FIG. 4B 



? 103 



E 



3 



FIG. 4D 



11 



EP 1 081 553 A2 



100 



150 

102a 
103 / / 125 



101- 


LIGHT. SOURCE 








1 LLUM 1 NAT 1 ON 
SYSTEM 


« 




102 



104 



102a 




116 



108 



FIG. 2 



10 



EP 1 081 553 A2 



100 

L 




I • • • « 



101 


LIGHT SOURCE 








1 LLUM 1 NAT 1 ON 




SYSTEM 







I— 



1 



102 104 

=4=^1 02a 



103 



102 



PL 





120 



108 



FIG. I 



9 



13 



EP 1 081 553 A2 



are exposed to light over an axisymmetric region of 
the optica! elements, said axisymmetric region in- 
cluding the said first non-axisymmetric region. 

22. An exposure method according to claim 20, wherein s 
the optical elements of the projection optical system 
are exposed to light over a second, non-axisymmet- 
ric region of the optical elements, said second non- 
axisymmetric region and said first non-axisymmet- 
ric region being complementary. io 

23. An exposure method according to claim 22, wherein 
said second non-axisymmetric region and said first 
non-axisymmetric region together form a substan- 
tially axisymmetric region. 

24. An exposure apparatus for performing an exposure 
method according to any of claims 20 to 23, com- 
prising: 

20 

first supporting means for supporting a first ob- 
ject; 

illumination means for illuminating said first ob- 
ject; 

second supporting means for supporting a sec- 2S 
ond object; 

a projection optical system comprising a 
number of optical elements, for projecting an 
illuminated pattern of the first object onto the 
second object; and so 
a light diverging element for direct the light from 
the illumination means onto regions of the op- 
tical elements of the projection optical system 
onto which illumination light is not incident dur- 
ing the projection of an illuminated pattern of 3S 
the first object onto the second object 

25. An exposure apparatus according to claim 24. 
wherein the light diverging element Is mounted to 
the first supporting means. 40 

26. The combination of a first object and an exposure 
apparatus according to claim 24, wherein the light 

diverging element forms part of the first object. 

27. A mask for use as the first object in the combination 
of claim 26, the mask comprising: 

a pattern for projection onto a second object; 
and 

a light diverging element. 

28. A method for manufacturing a semiconductor de- 
vice comprising transferring a pattem of a mask on- 
to a wafer by an exposure method according to any ss 

of claims 1 to 10 or claims 20 to 23, and manufac- 
turing a semiconductor device from the patterned 
wafer. 
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cation of a projection optical system such that a pat- 
tern of the first object is projected onto the second 
object through the projection optical system, char- 
acterized by illuminating a mark provided on a stage 
for the first object, wherein light from the mark is 
incident on the projection optical system whereby 
at least one lens of the projection optical system is 
substantially thermally saturated. 

I. An exposure method for projecting a pattern of a 
first object onto a second object through a projec- 
tion optical system, characterized by illuminating a 
mark provided on the first object side with exposure 
light, wherein light from the mark is incident on the 
projection optical system whereby a revolutionally 
asymmetric aberration of the projection optical sys- 
tem due to an exposure is corrected or reduced. 

. An exposure method for projecting a pattern of a 
first object onto a second object through a projec- 
tion optical system, characterized by illuminating a 
mark provided on a stage for the first object with 
exposure light, wherein light from the mark is inci- 
dent on the projection optical system whereby a rev- 
olutionally asymmetric aberration of the projection 
optical system due to an exposure is corrected or 
reduced. 

An exposure method for projecting a pattern of a 
first object onto a second object through a projec- 
tion optical system, characterized by illuminating a 
mark provided on the first object side with exposure 
light, wherein light from the mark is incident on the 
projection optical system whereby at least one lens 
of the projection optical system Is substantially ther- 
mally saturated. 



An exposure method for projecting a pattern of a 
first object onto a second object through a projec- 
tion optical system, characterized by illuminating a 
mark provided on a stage for the first object, where- 
in light from the mark is Incident on the projection 
optical system whereby at least one lens of the pro- 
jection optical system is substantially thermally sat- 
urated. 
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9. 



A method according to any one of Claims 1 - 8, 
wherein the illumination of the mark on the first ob- 
ject side is performed before a regular shot expo- 
sure to the wafer and/or between shot exposures to 
the wafer. 



so 



10. A method according to any one of Claims 1 - 8, 
wherein the mark is provided on a movable stage 

on which the first object is placed. ss 

11. A method according to any one of Claims 1-10, 
wherein the mark comprises a light diverging ele- 



ment for producing light which Is revolutionally 
asymmetric with respect to an optical axis of the 
projection optical system. 

12. A method according to Claim 11, wherein the mark 
comprises a light diverging element for diffusing 
light incident thereon, mainly along a scan direction. 

13. A method according to any one of Claims 1-10, 
wherein the light from the mark Is incident on a re- 
gion of the projection optical system which region 
is revolutionally symmetric with respect to an optical 
axis thereof. 

-l^JE^;rne1ho6 accord^^^^ to Claim 11..wherein-the iighr * 
from the mark is incident on a complementary re- 
gion, for an irradiation region on a lens of the pro- 
jection optical system for exposure of a shot of the 
second object. 

15. A method according to any one of Claims 1-10, 
wherein the first object is illuminated with a slit-like 
light effective to define an illumination region of rec- 
tangular or arcuate shape on the first object. 

16. A method according to any one of Claims 1-10, 
wherein the projection optical system includes plu- 
ral lenses. 

17. A scanning exposure apparatus for performing an 
exposure process in accordance with an exposure 
method as recited in any one of Claims 1-10. 

1 8. An exposure apparatus for performing an exposure 
process in accordance with an exposure method as 
recited in any one of Claims 1-10. 

19. A device manufacturing method for exposing a wa- 
fer to a device pattern by use of an exposure meth- 
od as recited in any one of Claims 1 - 10, and for 
developing the exposed wafer 

20. An exposure method wherein a first object is illumi- 
nated by illumination light and a pattern of the first 
object is transferred to a second object by a projec- 
tion optical system comprising a number of optical 
elements, and wherein the optical elements of the 
projectbn optical system transmit light through first, 
non-axisymmetric. regions during projection of the 
pattern, the exposure method further including the 
steps of: 

exposing the optical elements of the projec- 
tion optical system to light in regions other than the 
said first non-axisymmetric regions before transfer 
of the said pattern. 



21. An exposure method according to claim 20. wherein 
the optical elements of the projection optkial system 
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mination step or exposure step complementary to the 
ordinary exposure is carried out to the projection lens 
PL. As a result of It, substantially the whole surface of 
the lens can be uniformly illuminated, heated, and sat- 
urated. As regards the procedure, at the start of an or- s 
dinary exposure, the projection lens PL is heated revo- 
lutionaity asymmetrically (in rectangular shape). As an 
example, alter the exposure process to a first wafer is 
completed and when it is unloaded, the preparatory ex- 
posure step according to this embodiment may be car- 10 
ried out. Then, the projection lens PL is illuminated and 
heated revolutionally symmetrically, such that genera- 
tion of an undesirable revolutionally asymmetric aberra- 
tion during the exposure process to a subsequent wafer 
can be prevented effectively. The timing for performing is 
the preparatory exposure may be determined in accord- 
ance with the variation characteristic of the projection 
lens PL to heat. 

[0063] For example, in a case of a projection lens hav- 
ing a high sensitivity to heat, the preparatory exposure 20 
may have to be done for every wafer. For a projection 
lens of a low heat sensitivity, on the other hand, the pre- 
paratory exposure may be done for every several wafers 
or every one lot or, alternatively, for only a first wafer in 
a job to be carried out to plural lots. Further, for a wafer 25 
having a large shot number such as a 1 2-inch wafer, the 
preparatory exposure operation may be done during the 
exposure procedure of one wafer, by interrupting the 
successive shot exposures. 

[0064] As regards the lens elements of the projection 30 
lens PL, the present invention is effective not only to 

those close to the reticle 102 (such as the lens 104) but 
also to those close to a pupil 110, such as lenses 105 - 
107.- 

[0065] As regards the lens illumination mark 103 to 3S 
be used in this embodiment, the optical elements shown 
in Figures 4A - 4D described above may be modified 
into an optical element having a one-dimensional sym- 
metric pattern, taking the axis C-C as an axis of sym- 
metry, rather than being revolutionally symmetric with 40 
respect to the axis C-C 

[0066] The light for illuminating the lens illumination 
mark may be the exposure light (resist printing light), or 
it may be non-printing light of a wavelength different 
from that of the exposure light Further, the present in- ^5 
vention is not limited to a scan type exposure apparatus, 
but it is applicable also to a non-scan type ordinary step- 
per (step-and-repeat type projection exposure appara- 
tus) where a reticle which might cause a revolutionally 
asymmetric aberration in a projection lens is used. so 
[0067] Figure 7 is a flow chart for explaining the timing 
of the preparatory exposure in this embodiment. . 
[0068] In a device manufacturing method according 
to an embodiment of the present invention, a scanning 
exposure apparatus based ah exposure method of any ss 
one of the embodiments described above is used. After 
ah alignment process for a reticle and a wafer is com- 
pleted, a device pattern formed on the reticle is project- 
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edand printed on the wafer surface. After the exposure, 
the exposed wafer is processed by a developing treat- 
ment and the like, by which a device is produced. 
[0069] While the invention has been described with 
reference to the structures disclosed herein, it is not con- 
fined to the details set forth and this application is in- 
tended to cover such modifications or changes as may 
come within the purposes of the improvements or the 
scope of the following claims. 

Claims 

1 . An exposure method wherein a first object Is illumi- 
~ n ated wi th a slit-like light beam while the first object 

"*^anli "a second bbjecf are scannlngly moved at a 
speed ratio corresponding to a projection magnifi- 
cation of a projection optica) system such that a pat- 
tern of the first object is projected onto the second 
object through the projection optical system, char- 
acterized by illuminating a mark provided on the fi rst 
object side with exposure light, wherein light from 
the mark is incident on the projection optical system 
whereby a revolutionally asymmetric aberration of 
the projection optical system due to an exposure is 
corrected or reduced. 

2. An exposure method wherein a first object is illumi- 
nated with a slit-like light beam while the first object 
and a second object are scannlngly moved at a 
speed ratio corresponding to a projection magnifi- 
cation of a projection optical system such that a pat- 
tern of the first object is projected onto the second 
object through the projection optical system, char- 
acterized by illuminating a mark provided on a stage 
for the first object, wherein light from the mark is 
incident on the projection optical system whereby a 
revolutionally asymmetric aberration of the projec- 
tion optical system due to an exposure is corrected 
or reduced. 

3. An exposure method wherein a first object is illumi- 
nated with a silt-like light beam while the first object 
and a second object are scannlngly moved at a 
speed ratio corresponding to a projection magnifi- 
cation of a projection optical system such that a pat- 
tern of the first object Is projected onto the second 
object through the projection optical system, char- 
acterized by illuminating a mark provided on the first 
object side with exposure light, wherein light from 
the mark is inckjent on the projection optical system 
whereby at least one Jens of the projection optical 
system is substantially thermally saturated. 

4. An exposure method wherein a first object is illumi- 
nated with a slit-like light beam while the first object 
and a second object are scannlngly moved at a 
speed ratio corresponding to a projection magnifi- 
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lar illumination region 125 can be defined by the Illumi- 
nation system 101. While keeping the reticle stage at 
that position, the lens illumination mark 103 as well as 
a portion around it are illuminated by a rectangular light 
beam (exposure light) for a predetermined time period, 
such that the projection lens PL is illuminated by light 
from the mark 103. This is the preparatory exposure. 
During this preparatory exposure, the wafer 1 08 is kept 
so that there is no shot region of the water placed below 
the projection lens PL. 

[0049] The lens illumination mark 1 03 may be formed 
at any position, provided that the mark can be irradiated 
with Illumination light. For example, as shown in Figure 
6, it may be formed on a reticle 102. The scanning ex- 
.-.-:posure apparatus of the Figure 6. example has substan- 
" tially the same stmcture as of the embodiment of Figure 
1, except for that the lens illumination mark 103 is pro- 
vided on the reticle 102. 

[0050] Referring back to Figure 1 , the region inside 
the projection lens PL as depicted by hatching is an il- 
lumination space inside the lens in that state. The illus- 
tration at the right-hand side portion of the drawing cor- 
responds to the illustration at the right-hand side portion 
of Figure 2, and it shows the illumination region (hatched 
region) on the section of the lens 104, along a plane 
orthogonal to the optical axis. 

[0051] In this embodiment, the lens illumination mark 
103 comprises a light diverging element by which the 
Illumination light Is transformed into a divergent light 
beam which is revolutionally symmetric with respect to 
the optical axis. This divergent light beam is then pro- 
jected on the lenses 104 - 107 of the projection lens RL 
so that it defines an Illumination region on each lens 
which region .is revolutionally symmetric with respect to 
the optical axis. 

[0052] More specifically, as shown in the right-hand 
side portion of Figure 1, the lens 104 is so illuminated 
that an illumination region 1 02 which is substantially rev- 
olutionally symmetric is defined on the lens 1 04, as con- 
trasted to what shown in the illumination region 116 at 
the right-hand side portion of Figure 2. This Illumination 
is made so as to substantially thermally saturate the pro- 
jection lens PL as a whole. As a result of it, when the 
lens is irradiated thereafter by revolutionally asymmetric 
illumination light lor an ordinary exposure process (ex- 
posure of each shot), there does not occur a revolution- 
ally asymmetric aberration such as an astigmatism in 
the lens. 

[0053] Figure 3 is a flow chart for explaining the timing 
of the preparatory exposure in this embodiment 
[0054] I n this embodiment, as described above, a pre- 
paratory exposure mark (light diverging element) is pro- 
vided on a movable reticle stage (102a), and the mark 
is illuminated with exposure light. By means of the dif- 
fused light (it may be diffractive light or scattered light) 
produced by the preparatory exposure mark, a circular 
region of the projection lens glass material which region 
is revolutionally symmetric with respect to the optical ax- 



is and which region contains a zone not to be illuminated 
during the ordinary exposure (regular shot exposure), Is 
heated to thereby keep the lens in a themnally symmet- 
rically heated state. Then, the ordinary exposure prdc- 
s ess Is performed This procedure effectively prevents 
generation of a revolutionally asymmetric aberration in 
the projection optical system. 

[0055] Figures 4A - 4D are sectional views for explain- 
ing some examples of a lens Illumination mark (light di- 
10 verging element) to be used as a preparatory exposure 
mark in this embodiment. 

[0056] Figure 4A is a sectional view of a lens illumi- 
nation mark wherein the mark comprises a deflection 
prism having a revolutionally symmetric axis along an 

IS axis C-C. Along a plane containing this axis C-C, the 
' illumination mark 103 has a repetition structure of 
very small triangular prisms, and it has a function for 
deflecting light incident thereon as illustrated by arrows. 
In the region of the lens illumination mark 1 03, there are 

20 a number of triangular prisms as shown in Figure 4A 
formed. 

[0057] In the example of Figure 4B, the lens Illumina- 
tion mark 103 comprises a diffractive element (binary 
optics) with a stepped shape, having substantially the 

25 same function as of the mark of Figure 4A. 

[0058] In the example of Figure 4C, the lens.lllumina- 
tion mark 103 comprises an amplitude-type diffraction 
grating made of a light blocking material such as chro- 
mium, for example, and having substantially the same 

30 function as of the mark of Figure 4A. 

[0059] in the example of Figure 4D, the lens illumina- 
tion mark 103 comprises a diffusion plate, wherein the 
roughness of its light diffusing surface is adjusted to set 
the directivity of transmitted light thereof close to those 

35 of the marks of Figures 4A - 4C. 

[0060] As regards the light diverging element, it is to 
be noted that in addition to the marks described above, 
an optical wedge element, a lenticular plate element or 
the like may be used. 

40 [0061] Figure 5 is a schematic view of a main portion 
of a second embodiment wherein the exposure method 
of the present invention Is applied to a scanning expo- 
sure apparatus. The basis structure of the exposure ap- 
paratus of this embodiment is substantially the same as 

45 that of the first embodiment. In this embodiment, as 
compared with the first embodiment, the illumination 
light for the preparatory exposure, on the projection lens 
PL (particularly, on the lens 104 thereof), is not made 
revoiutbnaliy symmetrical with respect to the-optical ax- 

50 Is, but rather, it Is set so as to mainly Illuminate zones 
(complementary regions) 121 of the lens which are not 
illuminated by an ordinary exposure. The forked arrows 
inside the projection lens PL of Figure 5 depict the light 
paths of transmission light, passing through the lens il- 

55 lumination mark. The illumination region to be defined 
on the lens may have any shape. 
[0062] In accordance with this embodiment, by the 
preparatory exposure process described above, an illu- 
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ent upon a consideration of the following description of 

the preferred embodiments of the present invention tak- 
en In conjunctbn with the accompanying drawings. 

BRIEF DESCRIPTION OF THE DRAWINGS 

[0032] Figures 1 and 2 are schematic views, respec- 
tively, of a main portion of a scanning exposure appara- 
tus which uses an exposure method according to a first 
embodiment of the present invention. 
[0033] Figure 3 is a flow chart lor explaining the timing 
of a preparatory exposure in the exposure method ac- 
cording to the present invention. 
[0034] Figures 4A - 4D are schematic views, respec- 
tively,,.for explaining a preparatory exposure mark ac- 
cdfdlng"to the present invention. - 
[0035] Figure 5 is a schematic view of a main portion 
of a scanning exposure apparatus which uses an expo- 
sure method according to a second embodiment of the 
present invention. 

[0036] Figure 6 is a schematic view of a scanning ex- 
posure apparatus of an example wherein a portion of 
the Figure 1 embodiment is modified. 
[0037] Figure 7 is a flow chart for explaining the timing 
of preparatory exposure in the exposure method ac- 
cording to the present invention. • 
[0038] Figure 8 is a schematic view for explain ing the 
principle of a scan type exposure apparatus. 

DESCRIPTION OF THE PREFERRED 
EMBODIMENTS 

[0039] Figures 1 and 2 are schematic views, respec- 
tively, of a first embodiment wherein the exposure meth- 
od of the present invention is applied to a scan type ex- 
posure apparatus. Specifically, Figure 2 shows the irra- 
diation range of exposure light in the scanning exposure 
apparatus. The structures of the optical systems in Fig- 
ures 1 and 2 are exactly the same. 
[0040] The first embodiment concerns a step-and- 
scan type exposure apparatus wherein light emitted 
from a light source 100 is projected through an illumina- 
tion system (illumination optical system) 101 onto a ret- 
icle (mask) 102. In response thereto and by scanningly 
moving the reticle 102 and a wafer 108, a circuit pattern 
formed on the reticle 1 02 is projected in a reduced scale 
through a projection lens (projection optical system) PL 
and printed thereby on the wafer 10B having a photo- 
sensitive material applied thereto. Such scanning expo- 
sure apparatus is suitably usable for manufacture of 
semiconductor devices such as I C or LSI, image pickup 
devices such as CCD, display devices such as a liquid 
crystal panel, or devices such as a magnetic head, for 
example. 

[0041] In Figures 1 and 2, an exposure light beam 
emitted from the light source 100 which may comprise 
a laser or a ultra-high pressure Hg lamp is directed to 
the illumination system 101, by which the light is trans- 



formed into an illumination light beam having a prede- 
termined numerical aperture, a predetermined illumi- 
nance, a predetermined light intensity and a predeter- 
mined uniformness and being effective to define a pre- 
s detemnined rectangular illumination region. The illumi- 
nation light then illuminates a reticle (second object) 
102. 

[0042] Here, as shown in the left-hand side portion of 

the drawing, an irradiation region 125 to be defined on 
10 the reticle 1 02 has a rectangular shape. For a practical 
6-inch reticle, the irradiation region may have a size of 
about 104 mm x 132 mm. The reticle 102 can be scan- 
ningly moved relative to the projection lens PL, in a di- 
rection of an arrow 113. 
IS [0043] In the scanning exposure apparatus of this em- 
bodiment. as shown In Figure 2, when an actual device 
pattern region 1 50 of the reticle 1 02 is illuminated, those 
portions of the lens elements 1 , 2, 3 and 4 of the projec- 
tion lens PL which are located in a space 119 through 
20 which, of the illumination lightbeam (exposure light), ze- 
ro-th order light coming mainly from the actual device 
pattern region 150 passes, are strongly heated by the 
exposure. 

[0044] The illustration at the right-hand side portion of 
25 Figure 2 shows a section of the lens 1 04, along a plane 
orthogonal to the optical axis, where the tendency de- 
scribed above appears most notably, since the lens 104 
is closest to the reticle 102. 

[0045] The region on the lens 1 04 section as depicted 
30 by hatching is an illumination region 11.6. This illumina- 
tion region 116 has a rectangular shape, and it shows 
that this region of the lens 104 is strongly heated during 
the exposure. During the exposure for an ordinary one 
shot, substantially the same phenomenon occurs in the 
35 other lenses 1 05, 1 06 and 1 07. These lenses 1 04 - 1 07 
are mechanically held with their refractive surfaces kept 
revolutionally symmetric with respect to the optical axis. 
Therefore, when such revolutionally asymmetric heat- 
ing continues, it causes revolutionally asymmetric de- 
40 formation in the lenses 1 04 - 1 07 with respect to the op- 
tical axis. 

[0046] More specifically, the refractive surface of each 
lens 104 - 107 is deformed into a shape wherein, In the 
rectangular illumination region, the cun/ature radius in 
4S the lengthwise direction thereof differs from that in the 
widthwise direction thereof, namely, a shape of a toric 
surface. It results in generation of an astigmatism aber- 
ration in the projection lens PL as described hereinbe- 
fore. 

50 [0047] In accordance with this embodiment, to avoid 
such inconveniences, a preparatory exposure step is 
carried out by using a mark 1 03 specifically provided on 
a reticle stage 102a. 

[0048] More particularly, in this embodiment, as 
55 shown In Figure 1 , before a regular exposure, the reticle 
stage 102a is moved to place a lens illumination mark 
1 03 (preparatory exposure mark) provided on the reticle 
stage 102a beforehand at a position where a rectangu- 
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present invention, there Is provided an exposure meth- 
od wherein a first object is illuminated with a slit-like light 
beam while the first object and a second object are scan- 
ningly moved at a speed ratio corresponding to a pro- 
jection magnification of a projection optical system such 
that a pattern of the first object is projected onto the sec- 
ond object through the projection optical system, char- 
acterized by illuminating a mark provided on a stage for 
the first object, wherein light from the mark is incident 
on the projection optical system whereby a revolution- 
ally asymmetric aberration of the projection optica! sys- 
tem due to an exposure Is corrected or reduced. 
[0014] In accordance with a further aspect of the 
present invention, there Is provided an exposure meth- 
od wherein afirst object is illujninated with aslit-like light ■; 
-beam while the first object and a second object are scan- ' 
ningly moved at a speed ratio corresponding to a pro- 
jection magnification of a projection optical system such 
that a pattern of the first object is projected onto the sec- 
ond object through the projection optical system, char- 
acterized by illuminating a mark provided on the first ob- 
ject side with exposure light, wherein light from the mark 
is incident on the projection optical system whereby at 
least one lens of the projection optical system is sub- 
stantially thermally saturated 
[0015] In accordance with a yet further aspect of the 
present invention, there is provided an exposure meth- 
od wherein a first object is Illuminated with a slit-like light 
beam while the first object and a second object are scan- 
ningly moved at a speed ratio corresponding to a pro- 
jection magnification of a projection optical system such 
that a pattern of the first object is projected onto the sec- 
ond object through the projection optical system, char- 
acterized by Illuminating a mark provided on a stage for 
the first object, wherein light from the mark is incident 
on the projection optical system whereby at least one 
lens of the projection optical system is substantially ther- 
mally saturated. 

[0016] In accordance with a still further aspect of the 
present Invention, there is provided an exposure meth- 
od for projecting a pattern of a first object onto a second 
object through a projection optical system, character- 
ized by illuminating a mark provided on the first object 
side with exposure light, wherein light from the mark is 
incident on the projection optical system whereby a rev- 
olutionally asymmetric aberration of the projection opti- 
cal system due to an exposure is con'ected or reduced. 
[0017] In accordance with another aspect of the 
present invention, there is provided an exposure meth- 
od for projecting a pattern of a first object onto a second 
object through a projection optical system, character- 
ized by illuminating a mark provided on a stage for the 
first object with exposure light, wherein light from the 
mark is incident on the projection optical system where- 
by a revolutionally asymmetric aberration of the projec- 
tion optical system due to an exposure is corrected or 
reduced. 

[0018] In accordance with a yet further aspect of the 



present invention, there is provided an exposure meth- 
od for projecting a pattern of a first object onto a second 
object through a projection optical system, character- 
ized by illuminating a mark provided on the first object 
s side with exposure light, wherein light from the mark is 
incident on the projection optical system whereby at 
least one lens of the projection optical system is sub- 
stantially thermally saturated 

[0019] In accordance with a further aspect of the 
10 present invention, there is provided an exposure meth- 
od for projecting a pattern of a first object onto a second 
object through a projection optical system, character- 
ized by illuminating a mark provided on a stage for the 
first object, wherein light from the mark is incident on the 
75 project fon op tical system whereby atjeast one lens of 
*" . the projection optical system is substantially thermally : 
saturated. 

[002O] In these aspects of the present invention, the 
illumination of the mark on the first object side may be 

20 performed before a regular shot exposure to the wafer 
and/or between shot exposures to the wafer. 
[0021 ] The mark may be provided on a movable stage 
on which the first object is placed. 
[0022] The mark may comprise a light diverging ele- 

25 ment for producing light which is revolutionally asym- 
metric with respect to an optical axis of the projection 
optical system. 

[0023] The mark may comprise a light diverging ele- 
ment for diffusing light incident thereon, mainly along a 
30 scan direction. 

[0024] The light from the mark may be incident on a 
region of the projection optical system which region is 
revolutionally symmetric with respect to an optical axis 
thereof. 

35 [0025] The light from the mark may be incident on a 
complementary region, for an irradiation region on a 
lens of the projection optical system for exposure of a 
shot of the second object. 

[0026] The first object may be illuminated with a siit- 
40 like light effective to define an illumination region of rec- 
tangular or arcuate shape on the first object. 
[0027] The projection optical system may include plu- 
ral lenses. 

[0028] In accordance with a yet further aspect of the 

45 present invention, there is provided a scanning expo- 
sure apparatus for performing an exposure process in 
accordance with an exposure method as recited above. 
[0029] (n accordance with a yet further aspect of the 
present invention, there is provided an exposure appa- 

50 ratus for performing an exposure process in accordance 
with an exposure method as recited above. 
[0030] In accordance with a still further aspect of the 
present invention, there is provided a device manufac- 
turing method for exposing a wafer to a device pattern 

55 by use of an exposure method as recited above, and for 
developing the exposed wafer 
[0031] These and other objects, features and advan- 
tages of the present invention will become more appar- 
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Description 

FIELD OF THE INVENTION AND RELATED ART 

[0001] This Invention relates to an exposure method 
and a scanning exposure apparatus using the same. 
The present invention is suitably usable, for example, 
for photoprinting a photomask pattern (reticle pattern) 
illuminated with slit-like light on a wafer while synchro- 
nously scanning the photomask and the wafer relatively 
to the slit-like light and a projection optical system, tor 
manufacture of a semiconductor device such as IC or 
LSI, an image pickup device such as CCD, a display 
device such as a liquid crystal panel, or a device such 

" as a magnetic head, for example, r - - 

■^ [0002]' The" "senniiconductor device manufacturing 
•technology has advanced remarkably, and the micro- 
processing technology has also advanced notably Par- 
ticularly, as regards reduction projection exposure ap- 
paratuses having a resolving power of submicron order, 
which play a major role in the optical processing tech- 
nology, enlargement of a numerical aperture (NA) and 
shortening of exposure wavelength have been attempt- 
ed, for further Improvement of the resolution. 
[0003] Also, changing a unit-magnification scanning 
exposure apparatus using a conventional reflection pro- 
jection optical system has been proposed. That is, there 
is a scanning exposure apparatus which includes a re- 
duction projection optical system comprising a cornbi- 
nation of reflective and refractive optical elements (cat- 
adioptric system), or a reduction projection optical sys- 
tem comprising refractive elements only, wherein a 
mask stage for a photomask, and a wafer stage for a 
photosensitive substrate are scanning ly moved in syn- 
chronism with each other and at a speed ratio corre- 
sponding to the reduction magnification. 
[0004] Figure 8 is a schematic view of a main portion 
of such scanning exposure apparatus of step-and-scan 
type. In.the drawing, a mask 1 hasa device pattern (orig- 
inal pattern) 21 formed thereon, and it is supported by 
a mask stage 4. A wafer (photosensitive substrate) 3 is 
supported by a wafer stage 5, The mask 1 and the wafer 
3. are disposed at positions being optically conjugate 
with each other with respect to a projection optical sys- 
tem 2. Slit-like exposure light 6 being elongated in Y di- 
rection in the drawing is supplied from an illumination 
system (not shown), and it illuminates the mask 1 . Then, 
the pattern of the mask 1 as illuminated is imaged upon 
the wafer 3, at a size determined by the projection mag- 
nification of the projection optical system 2. 
[0005] The scan exposure is accomplished by mov- 
ing, through a driving unit, the mask stage 4 and the wa- 
fer stage 5 relatively to the slit-like exposure light 6 and 
the projection optical system 2, in X. direction and at a 
speed ratio corresponding to the optical magnification. 
Thus, by scanning the mask 1 and the wafer 3 relatively 
to the exposure light 6 and the projection optical system 
2, the whole device pattern 21 of the mask 3 is trans- 



ferred to a transfer region on the wafer 3, 
[0006] In the scanning exposure apparatus based on 
the step-and-scan exposure method, when the.scan ex- 
posure of one shot (31 ) upon the wafer 3 is completed, 
s the wafer stage 5 carrying the wafer 3 thereon Is moved 
by a predetermined amount, and the scan exposure of 
a next shot on the wafer is then carried out. This oper- 
ation is repeated to perform exposures of the whole wa- 
fer. 

70 [0007] In such scanning exposure apparatus, since 
the exposure region has a rectangular or slit-like shape, 
the lens elements of the projectbn optical system 2 are 
illuminated with light of a rectangular shape or of an el- 
liptical shape (the slit-like shape is expanded in accord- 

75 ancejftfith extension of the-iliumination' light flux); the 
shape'beihgtletermined oh thelocation where the lens 
element is placed. This means that the rectangular or 
slit-like region of each lens element is heated by the 
light. 

20 [0008] As the exposure procedure goes on, such 
heating environment may cause revolutionally asym- 
metric deformation of the projection lens and produce a 
revolutionally asymmetric aberration. For example, an 
astigmatism aberration may be caused in the light being 
25 imaged on the wafer 3, which may largely degrade a 
device pattern image thereon. 
[0009] This tendency becomes notable as the printing 
wavelength is shortened from i-line (365 nm) to a deep 
ultraviolet region (248 nm or 1 93 nm). because, in phys- 
io ical properties, the light is absorbed more by the glass 
material. 

[0010] Japanese Laid-Open Patent Application, Laid- 
open No. 50585/1 998 proposes a solution for this prob- 
lem. 

35 

SUMMARY OF THE INVENTION 

[0011] It is an object of the present invention to pro- 
vide an exposure method and a scanning exposure ap- 
40 paratus using the same, by which production of a revo- 
lutionally asymmetric aberration such as described 
above can be reduced effectively, in a different way as 
proposed in the aforementioned Japanese patent appli- 
cation. 

^ [001 2] in accordance with an aspect of the present in- 
vention, there is provided an exposure method wherein 
a first object is illuminated with a slit-like light beam while 
the first object and a second object are scanningiy 
moved at a speed ratio corresponding to a projection 

50 magnification of a projection optical system such that a 
pattern of the first object is projected onto the second 
object through the projection optical system, character- 
ized by illuminating a mark provided on the first object 
side with exposure light, wherein light from the mark is 

55 incident on the projection optical system whereby a rev- 
olutionally asymmetric aberration of the projection opti- 
cal system due to an exposure is corrected or reduced. 
[0013] In accordance with another aspect of the 
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(54) Exposure method and scanning exposure apparatus 



(57) Disclosed is an exposure method wherein a 
first object is illuminated with a slit-like light beam while 
the first object and a second object are scanningly 
moved at a speed ratio corresponding to a projection 
magnification of a projection optical system such that a 
pattern of the first object is projected onto the second 



object through the projection optical system, wherein a 
mark provided on the first object side is illuminated with 
exposure light, and wherein light from the mark is inci- 
dent on the projection optical system whereby a revolu- 
tionally asymmetric aberration of the projection optical 
system due to an exposure is corrected or reduced. 
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